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(54) COATING LIQUID FOR FORMING ITO TRANSPARENT CONDUCTIVE FILM 
AND METHOD FOR FORMING TRANSPARENT CONDUCTIVE FILM 
(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a means of forming an ITO transparent 
conductive film with extremely small volume-resistivity on a base body using indium 
chloride as a raw material. 

SOLUTION: This coating liquid for forming the ITO transparent conductive film by a 
dip coating method is characterized by that a surfactant is added to the coating liquid 
with indium chloride, stannous chloride or stannic chloride dissolved in one of water, 
alcohol, or a water-alcohol mixture. It is favorable that the surfactant is a nonionic 
surfactant, and particularly favorable that, it is polyoxyethylene sorbitan fatty acid 
ester based. An ITO film with a thickness of ^ 15 nm is formed on a substrate in one dip 
coating by using the coating liquid and baking it after applying it on the substrate by 
the dip coating method. By repeating this more than once and forming a multi-layer 
film, the ITO transparent conductive film with extremely small volume resistivity of 
10-4 Q .cm order can be formed 
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[Claim(s)] 

[Claim l] Application liquid for ITO transparent electric conduction film formation by 
the DIP coating method characterized by adding a surfactant in the application liquid 
made to dissolve the indium 111 chloride, the 1st tin of chlorination, or the 2nd tin of 
chlorination in either water, alcohol or water-alcoholic mixed liquor. 
[Claim 2] Application liquid for ITO transparent electric conduction film formation 
according to claim 1 characterized by a surfactant being a non-ion system surfactant. 
[Claim 3] Application liquid for ITO transparent electric conduction film formation 
according to claim 2 characterized by a surfactant being a polyoxy ethylene- sorbitan- 
fatty-acid-ester system. 

[Claim 4] The formation method of the ITO transparent electric conduction film 
characterized by forming an ITO film with a thickness of 15nm or less in a substrate by 
one DIP coating by calcinating using application liquid according to claim 1 to 3 after 
applying to a substrate by the DIP coating method. 

[Claim 5] The formation method of the ITO transparent electric conduction film 
characterized by repeating a method according to claim 4 twice or more, and forming a 
multilayer. 

[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to the formation 
method of the transparent electric conduction film using the application liquid for DIP 
coating and this application liquid suitable for forming an ITO transparent electric 
conduction film on substrates, such as glass and ceramics. 
[0002] 

[Description of the Prior Art] In infrared cover films, such as an exoergic resistor for 
antifog [ of windowpanes, such as an electrode of display devices, such as a liquid crystal 
display element and an electroluminescence display device, an automobile, an aircraft, 
and a building, ], and anti-icing, and sunlight, the transparent conductivity material 
which has high permeability to the light is used. 

[0003] As such a transparent conductivity material, the antimony-oxide-tin-oxide 
system (ATO), the indium oxide -tin-oxide system (ITO), etc. are known, and these 
metallic oxides can form a coat easily on substrates, such as glass and ceramics, and let 
them be transparent electric conduction films. As the formation method of a 
transparent electric conduction film, there are a vacuum deposition method, the 
sputtering method, CVD, the applying method (the DIP coating method, a spray method, 
the spin coating method), etc., and it is chosen according to the film physical properties 
made into the target substrate and the purpose. 

[0004] As application liquid for producing an ITO transparent electric conduction film 
by the DIP coating method, many things which dissolved metaled organic acid chloride 
in the organic solvent are used. Moreover, generally, although the method of using what 
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dissolved tin chloride in 5mol% intensity in addition water, or the methanol for the 
indium 111 chloride as a method of forming the film of indium oxide by the applying 
method using an inorganic metal salt is also well-known, when the indium 111 chloride 
is used, the fault in which the formed film becomes cloudy is known. In order to prevent 
this nebula, the method (JP,5175991,A) of adding a hydrofluoric acid in a spray 
solution and forming an indium fluoride system film and the method (JP,55'51737,A, 
JP,63*9018,A) using a nitric-acid indium as mineral salt are devised. 
[0005] By the method of given [ above-mentioned ] in JP,63-9018,A, the other organotin 
compound is used as a tin raw material added in order to raise membranous 
conductivity as "not desirable [ become / tin chloride evaporates, or chlorine remains 
into a film, and / membranous conductivity / bad and ], when halogenation tin, for 
example, a stannic chloride, is used and it considers as a transparent electric conduction 
film." 

[0006] moreover, the method of adding organic amino silane ester in the mineral salt 
**** solution of an indium is learned **** (JP,6-96687,A) since it becomes the 
transparent membrane to which the silicon contained in the amino silane ester of a raw 
material finally remains in large quantities as a silicon dioxide by this method, and the 
particle of indium oxide distributes and exists in this - a volume resistivity - the 
minimum - 2x104 It is very as large as omega-cm. 
[0007] 

[Problem(s) to be Solved by the Invention] The applying methods, such as the DIP 
coating method or the spin coating method, give the quality high transparent electric 
conduction film of smooth nature, and are learned as a method of responding to large 
area-ization. When forming an indium oxide film by these methods, although it is good, 
since pyrolysis temperature is high, as the raw material for formation, the outstanding 
conductivity is not acquired at the point which cannot evaporate easily in the case of a 
nitric-acid indium although the nitric-acid indium is mainly used. Although it is 
indicated by the method of using as a raw material the nitric-acid indium indicated by 
above-mentioned JP,55-51737,A that the thickness of one application applies a 40nm 
film several times at the lowest, and makes resistance small, a volume resistivity is as 
large as about 4.5x10 to 2 ohm-cm. 

[0008] In order to produce a good transparent electric conduction film, it is desirable for 
an oxide formation reaction to advance at low temperature, and the indium 111 chloride 
is desirable at this point. Since it is easy to evaporate, the indium 111 chloride has been 
used as a raw material of a spray method. By this method, by spraying solution, an 
alcoholic solution, etc. which contain the indium 111 chloride to the heated glass 
substrate, the indium 111 chloride evaporates, it reacts with the oxygen or the steam 
which exists in the circumference, and an indium oxide film generates on a glass- 
substrate front face. 

[0009] However, even if it applies the solution which contains the indium 111 chloride in 

3 



the glass substrate which is not heated and heats it after that, an electric conduction 
property is not usually acquired. Moreover, when the indium 111 chloride was used as 
the main raw material, by the usual method, the indium oxide film became cloudy, and 
production of a good thin film was difficult. Furthermore, in the case of the solution 
containing a nitric-acid indium, although there is no such problem in wettability with a 
substrate, the water containing the indium 111 chloride, an alcoholic solution, or a 
water-alcoholic mixed solution has the fault from which the electric conduction property 
that it is remarkable, and is bad and wettability with a glass substrate is good is not 
acquired. 

[00 10] From such circumstances, the indium 111 chloride did not attract attention as a 
raw material for applying methods (the DIP coating method, the spin coating method, 
etc.). this invention aims at a volume resistivity forming a very as small more desirable 
ITO transparent electric conduction [ as / below / the order of 10-4 ohnrcm ] film in a 
base by the DIP coating method below the order of 10 3 ohm-cm in itself [ oxide 
generation reaction ], using the indium 111 chloride which advances at low temperature 
comparatively as a raw material. 
[0011] 

[Means for Solving the Problem] The application film formed with the application liquid 
which dissolved the chlorination indium in water, an alcoholic solution, or water- ' 
alcoholic mixed liquor as a result of inquiring wholeheartedly that this invention 
persons should solve the above-mentioned technical problem Although indium oxide 
was thermodynamically stable when it heated in the atmosphere in which oxygen or a 
steam exists, it turns out that oxidation reaction is limited on the surface of a film when 
a film is thick, and a precise oxide film is not formed since a chlorination iridium 
unreacted inside a film remains and this evaporates. And as for the membranous cause 
of nebula, the particle from which a film constitutes a film further with it being porosity 
checked causing light scattering to the wavelength of light, and eye an of-the-same- 
grade hatchet. 

[0012] Then, as a means to solve this, add a surfactant in application liquid and 
concordance with a substrate is improved. By using most chlorination indiums for oxide 
formation, when the film obtained by one DIP coating is made very thin and this thin 
film is calcinated It found out that the conductive film with which the membraneous fall 
by evaporation of an unreacted chlorination indium is not accepted was obtained, and 
this invention was completed. 

[0013] That is, this invention is the application liquid for ITO transparent electric 
conduction film formation by the DIP coating method characterized by adding a 
surfactant in the application liquid made to dissolve a chlorination indium, the 1st tin of 
chlorination, or the 2nd tin of chlorination in either water, alcohol or water-alcoholic 
mixed liquor. As a surfactant, a non-ion system surfactant is desirable and especially a 
polyoxyethylene-sorbitan-fatty-acid-ester system is a surfactant desirable when making 
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the volume resistivity of a multilayer small. 

[0014] Moreover, this invention is the formation method of the ITO transparent electric 
conduction film characterized hy forming an ITO film with a thickness of 15nm or less 
in a substrate by one DIP coating by calcinating using the above-mentioned application 
liquid, after applying to a substrate by the DIP coating method. 

[0015] Moreover, this invention is the formation method of the ITO transparent electric 
conduction film characterized by repeating the above-mentioned method twice or more, 
and forming a multilayer. 

[0016] According to the method of this invention, a good electric conduction property can 
be acquired by improving the wettability of the application liquid to a substrate, and 
preventing evaporation of a chlorination indium. Survival of a chlorination indium is 
not accepted into the multilayer thick in comparison obtained by the method of this 
invention. 
[0017] 

[Embodiments of the Invention] Below, the formation method of the application liquid 
for ITO transparent electric conduction film formation of this invention and this 
transparent electric conduction film is explained in detail. Although inorganic indium 
compounds, such as a chlorination indium (InCl^, a nitric-acid indium, and an indium 
sulfate, are conventionally used for the applying method, the application liquid of this 
invention uses a chlorination indium. As for a chlorination indium, what has water of 
crystallization further is desirable. A chlorination indium has the advantage to which 
an oxide generation reaction advances at low temperature comparatively. 
[0018] Stannous chloride (SnClg), a stannic chloride (SnCL*), sulfuric-acid tin, etc. are 
mentioned, and, as for an inorganic tin compound, what has water of crystallization is 
still more desirable like a chlorination indium. InCl 3 SnCl 2 Or SnCl 4 Although 
wettability with a substrate becomes good, the uniform application of it is attained and 
a conductive film comes to be obtained as, as for the added solution, the tin 
concentration in a solute becomes high, a conductive film is not obtained when tin 
concentration is low. 

[0019] the case of the application liquid which added alkyl ether sulfate sodium 
(tradename K software etc.) as a surfactant although the tin concentration for obtaining 
a conductive film changed with kinds of surfactant to add SnCl 2 a case - the amount 
Sn/(In+Sn) being shown - an atomic ratio - more than 10at% and SnCl 4 a case - the 
amount Snl5at% - a conductive film will be obtained if it is more than 
[0020] a methanol, ethanol, isopropyl alcohol, etc. are mentioned as water and an 
alcoholic system, and a solvent is independent in these -■ or it can be mixed and used 
[0021] A Nonion system surfactant, an anion system surfactant, a cation system 
surfactant, an amphoteric surface active agent, etc. can be used for the surfactant added 
in application liquid. As a Nonion system surfactant, polyoxy-alkylene -glycol alkyl ether, 
polyoxy alkylene glycol, the polyoxy-alkylene-glycol alkylphenyl ether, polyoxyethylene 
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sorbitan fatty acid ester, a polyoxyalkylene acetylene glycol, a polyoxy-alkylene-glycol 
alkylamine, alkylolamide, etc. are mentioned, for example. 

[00221 As an anion system surfactant, a polyoxyethylene-alkyl-ether sulfate, a sulfo 
succinicacid salt, polyoxyalkylene glycol alkyl ether phosphate, etc. are mentioned, for 
example. 

[0023] As a cation system and an amphoteric surface active agent, an alkyl 
dimethylbenzyl ammonium salt, an alkyl betaine type, an alkylamide betaine type, an 
amine oxide type, etc. are mentioned, for example. The above-mentioned surfactant is 
used in one sort or two sorts or more of combination. 

[0024] The addition of a surfactant is 0.1 • 10 g/L, and is 0.2 - 5 g/L preferably. At less 
than 0.1 % of the weight, since the wettability to a substrate does not improve, a 
uniform film is not made, and when there are few Sn contents of a solute, conductivity is 
not discovered. On the other hand, even if it uses it more than lOg / L, the improvement 
in an effect is not expectable. With the other surfactant, in the case of a nonionic surface 
active agent, the addition density range from which a conductive film is obtained is wide, 
and the field is narrow, or when there are few Sn contents of a solute, a conductive film 
is not obtained. 

[0025] Thus, DIP coating is carried out by the usual method at a substrate using the 
obtained application liquid for ITO transparent electric conduction film formation. It 
applies to a substrate, and after drying, it calcinates and a transparent electric 
conduction film is formed. As for baking, it is desirable to calcinate in air first, to form 
an oxide film, to calcinate in the gas which mixed reducing gas (hydrogen, carbon 
monoxide, etc.) among a low atmosphere of oxygen tension, i.e., a vacuum, to inert gas 
(inside of pure nitrogen and a pure argon) or inert gas, to return an oxide film slightly 
next, and to raise conductivity. 400-700 degrees C is [ that to be more than the 
temperature that application liquid decomposes as a burning temperature, and what is 
necessary is just below the deformation temperature of a substrate ] desirable. 
[0026] In the formation method of the ITO transparent electric conduction film of this 
invention, as for the ITO thickness obtained by one DIP coating, it is desirable to be 
referred to as about 15nm or less, by doing so, most chlorination indiums applied to the 
substrate are used for oxide formation, and it does not have the membraneous fall by 
evaporation of a chlorination indium. 

[0027] A thick film will be obtained if the raising speed at the time of DIP coating is 
quick. In order to set to about 15nm or less thickness obtained by one DIP coating, it is 
good to make raising speed into 30 or less cm/min. 

[0028] If thickness increases according to the process which carries out two coats, i.e., 
an application, and baking repeatedly [ multiple -times ], the volume resistivity of a fall, 
i.e., membraneous quality, will improve. For example, an application and baking among 
air are repeated 10 times using the application liquid of this invention, and if it heat- 
treats in the nitrogen gas which contains hydrogen after that, the transparent electric 
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conduction film of volume -resistivity 3x10*4 ohm-cm can be obtained. This is resistivity 
with about 2 small figures compared with the volume resistivity of the multilayer 
indicated by the example 2 of above-mentioned JP,55-51737,A. 
[0029] 

[Example] Although a still more concrete example is given to below and this invention is 
explained to it, this invention is not limited to these examples. 

(Example 1) As a chlorination indium (InCl 3 and 3.5H 2 0, a high grade chemical 
research center, 99.99% of purity), and an inorganic tin compound, the sum total of a 
metal component dissolved in ethanol 50mL, and stirred stannous chloride (SnCl 2 and 
2H 2 0, a high grade chemical research center, 99.9% of purity) for 5 hours so that the tin 
concentration in about 0.1 mol/L and a metal component might become 5at(s)%. the 
above-mentioned application liquid - PEPORU BS-184 (polyalkylene glycol system by 
Toho Chemical Industry Co., Ltd.) - about -- carried out 2.5 g/L% addition, it was made 
to mix and dissolve further, and the application liquid for transparent electric 
conduction film formation was prepared 

[0030] The Corning #7059 glass substrate was cleaned ultrasonically for 10 minutes in 
the cleaning agent (Fruity Chemistry semi coculine 56), and it washed several times by 
ion exchange water. After that, in the boil acetone, it held for 10 minutes, pulled up, and 
air-dried. The glass substrate washed in the above-mentioned application liquid was 
dipped, and it pulled up by raising speed 30 cm/min. After that, by the box furnace 
(inside of the atmosphere), it calcinated for 30 minutes, and further, to 600 degrees C, it 
heated at the rate of 10 degrees C/min, and 600 degrees C was held as they were by the 
tubular furnace (inside of nitrogen) for 1 hour. 

[0031] (Example 2) Stannous chloride (tin concentration 5at% in a metal component) 
was used as an inorganic tin compound, and SORUBON T-80 (polyoxyethylene- 
sorbitan-fattyacid-ester system by Toho Chemical Industry Co., Ltd.) was used 3.6 g/L 
as a surfactant. Others presupposed that it is the same as that of an example 1. 
[0032] (Example 3) Peg Norian T-8 (polyalkylene glycol alkyl ether system by Toho 
Chemical Industry Co., Ltd.) was used 6.2 g/L as a surfactant. Others presupposed that 
it is the same as that of an example 1. 

[0033] (Example 4) Phosphor Norian RD-720 (polyalkylene glycol-alkyl-ether- 
phosphate system by Toho Chemical Industry Co., Ltd.) was used 1.9 g/L as a surfactant. 
Others presupposed that it is the same as that of an example 1. 

[0034] (Example 5) DIP coating was repeated 4 times. Others presupposed that it is the 
same as that of an example 1. 

[0035] (Example 6) DIP coating was repeated 10 times. Others presupposed that it is 
the same as that of an example 1. 

[0036] (Example 7) DIP coating was repeated 30 times. Others presupposed that it is 
the same as that of an example 1. 

[0037] (Example 1 of comparison) A surfactant was not used. Others presupposed that it 
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is the same as that of an example 1. 

[0038] The result of examples 1-7 and the example 1 of comparison is shown in Table 1. 
Membranous evaluation was carried out by fluorescence X rays, resistance (four point 
probe method), and spectral transmittance. In the case of the example 1 of comparison 
which has not added the surfactant, the application with it was not completed. [ bad 
wettability and ] [ uniform to a glass substrate ] The multilayer was able to be obtained 
in the examples 5, 6, and 7 which added the surfactant in the example of comparison 
which does not add a surfactant although the multiple-times application of an 
application solution was not completed. 
[0039] 
[Table l] 

[0040] In examples 1-4, the 420-820nm average was about 90%, and the visible light 
transmittance had it. [ of the same grade as the glass substrate ] This is considered 
because thickness is thin (about 15nm or less) and there is little absorption. When small 
quantity (about 0.7 or more g/L) addition of the surfactant was carried out, wettability 
improved. In the case of the example 1 using the application liquid with which that the 
lowest volume resistivity was shown carried out about 2.54 g/1 addition of PEPORU 
BS-184, the volume resistivity after baking-among nitrogen processing was 6.0x10-3 
ohm-cm. 

[0041] (Example 8) 1.1 g/L addition of the K software (principal component * alkyl ether 
sulfate sodium) was carried out instead of the surfactant of the application liquid of an 
example 1. The glass substrate washed in the above-mentioned application liquid was 
dipped, and it pulled up by raising speed 10 cm/min and 28 cm/min. Then, about 600 
degrees C was calcinated for 30 minutes at the core-box furnace (inside of the 
atmosphere). After repeating this application and baking 4 times, by the tubular 
furnace (inside of nitrogen), to 600 degrees C, it heated at the rate of 10 degrees C/min, 
and held as it is for 1 hour. 

[0042] (Example 9) 3.6 g/L addition of SORUBON T-80 (polyoxyethylene-sorbitan-fatty- 
acid-ester system by Toho Chemical Industry Co., Ltd.) was carried out instead of the 
surfactant of an example 8. Others presupposed that it is the same as that of an 
example 8. 

[0043] The number-oftimes dependency of an application of the thickness of an 
example 8 (dashed line) and an example 9 (solid line) is shown in drawing 1 . The thick 
film was obtained, when thickness was proportional to the number of times of an 
application in general and its pull-up speed at the time of DIP coating was quick. 
[0044] The thickness dependency of the volume resistivity of an example 8 (black dot) 
and an example 9 (white round head) is shown in drawing 2 . The volume resistivity fell 
as the number of times of an application increased. Especially, the difference of the 1st 
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layer and a two-layer eye is remarkable, and by the 1st layer, since this covered with the 
two-layer eye completely the substrate which it is able to finish covering, it is 
considered that it became a more uniform film and large conductive improvement was 
found. 

[0045] As a reason to which the volume resistivity decreased by making it a multilayer, 
it is also considered that crystallinity improves as thickness increases. In the case of the 
example 8, the conductive film is not obtained by the 1st layer. In the case of the 
example 9, the film of a 10-2 ohm-cm base was obtained by one layer (6"15nm of 
thickness), and the film of further low resistivity about ohm [ baking-among air 2xl0* 3 ] 
and cm was obtained by multilayering. 

[0046] In the case where that low resistance was shown most considers as four layer 
membranes in an example 9, the volume resistivities after heat treatment, among 
nitrogen were ohm [ 6.5x10 4 ] and cm (5L8nm of thickness, an average of 82.3% of 
visible light transmittancesX This value is a top-level value globally as a DIP coating 
film. The thickness dependency of the visible light transmittance (average of 420- 
820nm) of the film obtained in the example 9 by drawing 3 is shown. The visible light- 
transmittance average decreased as thickness increased. 
[0047] 

[Effect of the Invention] By using the application liquid for transparent electric 
conduction film formation of this invention, the ITO transparent electric conduction 
film excellent in the suitable conductivity for manufacture of transparent electrodes, 
such as a display device and an exoergic resistor, or an infrared cover film and the 
light-transmission nature in a visible region can be obtained by the DIP coating method 
easily and comparatively cheaply. 
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English Abstract of Japanese Unexamined Patent Publication 
No. 2002/175733 

[Abstract] 

[Title of the Invention] Coating solution for forming a 
5 transparent, conducting ITO film, and a method for forming 
a transparent, conducting film 

[Object] Development of a means for forming a 
transparent, conducting ITO film with substantially small 
volume resistivity, using indium chloride as a starting 
10 compound. 

[Constitution] A coating solution for forming a 
transparent, conducting ITO film according to the dip 
coating method, the coating solution being prepared by 
dissolving indium chloride and tin (II) or (IV) chloride 

15 in water, alcohol, or a water-alcohol mixture, and adding 
a surfactant. A non-ionic surfactant is preferable as the 
surfactant, and a polyoxyethylene sorbitan fatty acid 
ester is particularly preferable. This coating solution 
is applied to a substrate according to the dip coating 

20 method, and the substrate is then fired, thereby forming 
an ITO film on the substrate with a thickness of 15 nm or 



less per dip coating. By repeating this method at least 
twice and forming a multi-layer film, a transparent, 
conducting ITO film with a very small volume resistivity 
on the order of l(T 4 Q-cm can be prepared. 




Film thickness /nm 
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